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A bstract
Several S-substituted bicyclo[2.2.1]Hopt-5-en-2-ones 
have been synthesized, and the relative r., for the addition 
of various hydride nucleophiles to them weic determined. The 
results were considered within the context of an 
investigation into the existence and magnitude of postulated 
stereoelectronic effects which might act upon the course of 
nucleophilic additions to the carbonyl moiety. The results 
suggest that, in some cases, transition state stabilization via 
C iep lak 's  hypothesized [x— >0*]* interaction is not an 
important factor.
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Introduction
Some Issues and Theories of Stereoelectronics
The addition of nucleophiles and hydride donors to the carbonyl 
group is a fundamental transformation in organic chemistry1 . Factors 
which control the rate and stereochemistry of the reaction have been 
under close scrutiny for some time. Many models have been advanced 
which attempt to explain aspects of these additions2*®'*, and some can be 
quite successful in predicting the outcome of these reactions. However, 
when the carbonyl moiety is esconced within certain structures, the 
stereochemistry of the additions to it are puzzling and difficult to 
rationalize using simple steric or themodynamic arguments.
A  primary example of this class is the reduction of 1 with LAH 
or Li(-O tBu)3A IH 5 (Scheme 1). Here, the reaction is highly exothermic and
hence possesses an early transition state; this property delfates any 
arguments which rely upon product development control. Also, axial attack 
is favored despite possible diaxial interactions between the incoming 
nucleophilic assemblage and the ring hydrogens indicated.
Scheme 1
- 2 *
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A  substantial variety of explanations has been promulgated in 
response to this unusual selectivity. Some, such as the Felkin and Cherost6 
transition state torsional strain argument, rest upon steric interactions. 
However, numerous novel stereoelectronic propositions also arose. Klein^ 
has suggested that the neighboring C -C  o bonds can differentiate the pi 
antibonding lobes of the carbonyl group by contributing differing electron 
density to them, thereby inducing facial selectivity in the addition to the 
relevant functionality.
Ahn and Eisenstein® have developed a model wherein the 
developing o bond in nucleophilic additions can be stabilized by 
interactions with nearby o* bonds of the proper energy. In the case of the 
hydride reduction of 1, the a* bonds arising from the adjacent axial 
hydrogens would act as the acceptors of the developing axial sigma bond's 
electron density (Scheme 2).
Cieplak's hypothesis8 has attracted consideable attention. The 
central tenet of this proposition states ". . .the feature of the transition 
state for nucleophilic addition critical for stereoselectivity of the 
reaction is a low-lying orbital, [o*]*, associated with the o bond being 
formed in the reaction." In this model, it is the adjacent C -H  a bonds
Scheme 2
H H
Cieplak Artn-Eisenstein
which participate in the stabilization (Scheme 2). Clearly, this hypothesis 
assumes that the C -H  a bond has superior electron donating properties 
than does its C -C  analogue. However, the veracity of this axiom has come 
under attack1 0 ; furthermore, Houk11 has carried out MM2 force field 
calculations which conclude that the stereoselectivity arises from 
torsional effects which were identified by Felklsi. Although Cieplak's 
hypothesis, in great part, addressed the 4-tertiobutylcyrlohexanone 
problem, the concept was generalized and was applied to a number of other 
systems.
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Stereoelectronic Effects Involving Pi Bonds
In a number of molecules, the presence of a n bond has a 
substantial effect upon the transformations of proximate carbonyl 
entities (Schem e 3 )1 2 ,1 3 ,1 4 ,1 5  N0te ^ at jn g,e additions to 5, the 
electron density of the developing o and o* bonds was varied, leading to 
drastic alterations in the distibution of products.
Scheme 3
70%
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In the hydride reductions of certain unsaturated bicyclic ketones 
(Scheme 4) 16, a rate enhancement with respect to the saturated analogs 
was seen to occur. The facial selectivity observed here is an artifact of 
steric control; more significantly, the attacks on the exo(anti) and the 
endo(syn) faces were accelerated differently . There are at least three 
explanations for this effect (Scheme 5);
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/)The Cieplak hypothesis, which concludes that the x -b o n d  
constitutes the low-lying orbital which stabilizes the new o*-bond in the 
transition state;
//') A proposal closely related to the Ahn/Eisenstein thesis, 
which stipulates that the o*-bond designated accepts electron density 
from the incipient o-bond in the transition state;
iii ) The inductive argument, in which the vinylic sigma bond, 
being more electron withdrawing than the corresponding bond in the 
saturated system, activates the C -0  double bond. An inseparable feature of 
this argument is the supposition that there exists some countervailing 
force which has an ihibitory effect on endo(syn) attack.
Scheme 5
i)Cieplak ii)Ahn-Eisenstein iii) Inductive
Investigating Stereoelectronic Effects
In an effort to probe the factors which induce the selectivity and 
rate enhancements in the reductions of 6 and 7, it was decided that 6, 8, 
and 9 should be synthesized and that a series of competitive r Auctions 
should be undertaken.
-7-
In the light of the following criteria, the ketones shown are 
desirable targets:
/ ) The molecules should have nearly identical steric 
environments around the carbonyl group; this eliminates the possibility 
that any observed rate changes are related to differences in non-bonding 
interactions;
//) The changes in strain energy which occur as a result of 
the reductions should remain constant through the series of structures 
being investigated. Muller17 has advanced the notion that reduction rates 
are a function of the change in strain energy occuring in these reactions; 
the enhanced rate seen in the reduction of cyclobutanone as compared to 
that of cyclohexanone18 exemplifies this effect;
i l l ) A wide range in the electonic properties of the relevant n- 
bonds in the molecules should exist;
iv  ) The synthesis of the compounds should be readily 
attainable, and the substances under study must be able to be quantifiably 
analyzed in terms of product ratios.
Results and Discussion
The Synthesis of the Bicyclic Ketones
The enone 2 was not commercially available at the time of this 
work and so was synthesized according to a literature procedure19. The 
method employed utilized 2-chloroacrylonitrile as a ketene eqivalent, 
w hich, with freshly distilled cyclopentadiene, readily yielded the 
[4 k 8+ 2 ics] cycloadduct. This product was hydrolyzed with KOH/DM SO to
afford 2 in moderate overall yield, based on either starting material.
The reduction of 2 with NaBH^ gave the exo alcohol 10 in excellent
yield and very high diastereoselectivity. Interestingly, this is a reaction 
which i$ coming under scrutiny in this study. After the alcohol functionality 
was protected as a robust silyl ether, 11 was subjected to normal 
hydroborating conditions. Unfortunately, but as expected, there was no 
regtoselectivity in the addition of the borane; however, the combined yield 
of the regioisomers was excellent, and the two products were separable by 
MPLC.
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A proof of the regiotopic identity of the isomers was undertaken 
(Scheme 6). The strategy of this ascertainment hinged upon the fact that 
diol 19 has 5 nonidentical carbon atoms, while diol 18 has only 4. This 
difference could then be unambiguously discerned using 1^ C - N M R  
spectroscopy. The conversion of alcohols 12 and 13 to their respective 
diols proceeded uneventfully. They were initially oxidized with P C C ; this 
was followed by a NaBH4 reduction. Lastly, the silyl ethers were
transformed into their respective alcohols using TB A F, giving a good 
overall yield for the sequence.
Scheme 6
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After the identity of each diol was established, the oxidation 
which afforded 14 was repeated on a larger scale, with similar 
successful results. Employing B F3 as a Lewis acid catalyst, ketone 14
and thiophenol were converted into thioketal 20 in excellent yield. Taking 
advantage of a method developed by Cohen22, 20 was cleanly transformed 
into 21 with CuOTf/NEt3 . The  silyl group was then removed with TB A F  to
give 22.
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The oxidation of sulfide alcohol 22 met with some difficulty. The 
system is sensitive in two respects; the sulfide functionality is readily 
oxidized to the sulfoxide or sulfone, decomposition could occur under 
acidic conditions. Indeed, PCC/NaOAc, PDC, and DM SO/AcgO each gave
unsatifactory results. Ultimately, a Swern oxidation, modified by the 
presence of a silylated ketene acetal,which functions as a highly 
efficacious proton scavenger, was attempted. This approach met with 
complete success, providing nearly quantitative yields of the desired 
ketone. The ketene acetal is formed simply by trapping the ester enolate of 
ethyl acetate with the desired silyl chloride.
In order to circumvent the possibility of a Baeyer-Villifl®r 
rearrangement, the conversion of the sulfide functionality to the sulfone 
via M CPBA  was performed before the Swern reaction. Thus, the sulfide 
alcohol was converted into the sulfone alcohol, and finally into 9.
Subsequent to this synthesis, a more efficient route to ketones S 
and 6 was uncovered . It had been shown that dione 25 could be elaborated 
from bicyclo[2.2.1]heptadiene (norbornadiene) by first causing bishydration 
with-formic acid, then oxidizing the diol formed with Jones reagent. This 
procedure was’ used, and made 25 available in sufficiently large quantities. 
Although laoking in the ability to induce formation of 26 selectively (the 
formation of the bis(dithioketal) was a competing reaction), treating 25 
with thiophenol and B F3 was straightforward and afforded 26 readily. It
was found that the elimination of thiophenol in 26 could be achieved most 
satifaotorily using H g (O A c )2/ N E t(»P r )2 . This method could also be
extended to 9 by reducing the ketone 8 , then using the previously 
established procedure.
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Hg(OTFA)2
NEl(i-Pr)2
The Competitive Reductions
It was decided that two series of competitive reductions were to 
be undertaken; one occur!ng between 6 and 8 , and another taking place 
between 8 and 9. In the determination of the product ratios in the first 
series of reactions, G C  techniques were employed. Because of the low 
volatility of 6, NMR analysis was used In the ratio determination for the 
seoond set of reactions. The reactions were carried o it to 10%~25% 
completion. W e required that the concentration of the re maining starting 
materials in the reductions was great enough so that th »  rate behaved 
with sufficient linearity to be approximable by first order kinetics. The 
error Induoed by these approximations is tolerable in the context of the 
experiments.
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Here,
> • i V > [A] “  k-j [A 0]t [A] + lAr] . -  IA »]
B - >  B r [BJ -  k2[B0Jt [B] + [Br] “  lB0]
k1/k2 - [ArJ/((AJ + [Ar]) 
[Br)/([B] + £Br])
“ krel
Norm ally, the reductions were implemented in several
increments; at each stage, aliquots of the reaction mixture were taken, 
given the relevant workup, and analyzed. The concentration of the starting 
material was at leastIO times as great as that of the reducing agents used 
so as to minimize the opportunity for local depletions of the relevant 
ketones to develop. Along the same lines, the reagents were added 
dropwlse and the reaction mixtures werte stirred vigorously. The  reducing 
reagents utilized gave in excess of 90%  of a sinlgle(endo) isomer, so the 
relative rates given here are (in great part) comparisons of exo attack 
rates. Also, the endo and exo epimers could not be separated effectively 
separated on the capillary column used. The results are summarized in 
table I and II .
Table I (Competitive reductions of 6 and 8)
R E A Q E N T/C Q N D ITIO N S
NaBH4/i-PfOH/25°C
krel1
2.3
LAH/EtgOftS’ C 1.5
LAH/THF/25°C 2.2
Li(Ot-Bu)gAIH/THF/25° 2.5
D IB A tX H 2 C L 2/-60°C 0.9
1 iBH4 /THF/25°C 2.5
Table II (Competitive reductions of 8 and 9 )
R E A Q E N T S / C Q N P tT IQ fla *Vel2 krel1
L I(0 .tB u )3/ T H F « 6 -C 4.4 11.1
V THF/25°C 3.9 5.8
LiBH, THF/25°C 2.4 6.0
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When sulfone 9 was subjected to NaBH4/i-PrOH, an anomolous
side reaction occurred (Scheme 7). The ring opening did not take place with 
L iB H 4 / i-PrOH. This difference may be due to the greater ionic character
of the sodium-oxygen bond; with LiBH4 , the elctron pair which would
participate is bound more tighly to the metal cation.
Scheme 7
PhSCfe
o
NaBHi PhS°2
I-PrOH. "
SOzPh
29
Conclusion
The rate acceleration experienced in the reduction of 8 can be 
rationalized in two ways. It could be argued that the enrichment of the 
electron density in the n bond by the phenylthio substituent enhances the 
rate of the hydride addition, the effect arising from a x-->o* interaction. 
This view completely concurs with Cieplak's hypothesis. However, it is 
also true that tho phenylthio group is a withdrawing, having a am of 0.3( r  ?
This deficiency could be propagated through the vinyl bridge and cause a <f 
adjacent to the carbonyl group to become a better acceptor of the 
developing s bond's electron density. This assertion, or a variant of it, is 
in line with the Ahn-Eisenstein proposal and the inductive argument.
There is much less ambiguity in the case of 9. Here, the results 
support only the Ahn-Eisenstein proposal and the inductive argument. It 
seems clear that if [x— >0*]* donation was important, the reduction of 9 
would have been slowed significantly. Therefore, the evidence generated 
by this study weighs against Cieplak's hypothesis.
The only reducing agent which did not reduce 5 faster than 9 was 
DIBAL. A similar effect was also observed by Vogel. The mechanism of the 
hydride transfers involving alanes differ from the other, nucleophilic, 
reducing agents tested; the transition state for this reaction may have 
electron deficient character, and so this disparate result is not entirely 
suprising.
At the present time, 29, 30, and 31 are being synthesized; a 
series of competitive reductions for these compounds is also planned. The 
carbonyl moeities in these bicydic systems possess the important, 
desirable quality of having faces which are almost sterically identical, 
but' which, electronically, are quite variable. Through examinations of the 
stereoelectronic effects present in this system, the inductive argument 
could be eliminated.
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Experimental
1H-NM R and 1^C-N M R  were recorded on a GE-300 spectrometer 
operating at 300MHz , or on a Varian XL-200 spectrometer operating at 
200 MHz. All spectra were referenced to CDCIg . Infrared spectra were
recorded on an IBM 1320 IR spectrometer. Mass spectra were recorded on 
Finnigan-M AT C H 5 and 731 spectrometers. Gas chromatography was 
performed on a Hewlett-Packard 5890 gas chromatograph using a 25 meter 
Carbowax 20M capillary column and a Hewlett-Packard 3393A Integrator. 
Elemental analyses were performed by the Microanalytical Laboratories of 
the University of Illinois. The benzene and toluene were refluxed over 
sodium prior to use. The T H F  was rendered anhydrous by first distilling 
over LAH then refluxing over sodium-benzophenone until the ketyl became 
dark blue. Et2 0  was refluxed oyer the same ketyl while C H 2C I2 was
distilled over C a H 2 before being employed. Flash chromatography was
performed using Merck or Brinkmann 0.05 to 0.2 mm silica. All reactions 
were performed under argon and all reaction vessels were oven dried.
ando-bicvclof2 .2 .11hept-5-en-2-ol (10). To 20mL of MeOH, 3.5g 
of bicyclo[2.2.1]hept-5-en-2-one (6), prepared according to literature 
procedure2® ,was added. The solution was cooled to 0°C, and 3.0g (2.5eq) of 
N a B H 4 was then added. The reaction was stirred for 30 min before being
quenched with H20  and extracted with ether. The combined extracts were
washed with brine and dried with M gSC^. Upon evaporation of the solvent.
3.0g (84%) of alcohol 10, a white powder, was obtained. 1H-NM R (300 MHZ, 
C D C Ig ) 8 6.38 (q), 6.00 (q), 4.41 (p), 2.93 (s), 2.76 (s), 2.04 (m), 1.80 (broad
singlet), 1.42 (dd), 1.24 (s), 0.72 (m).
endo-5-fdlphenvltertiobutvhsilvloxvbicvclof2.2.11hept-2-ane 
(1 1 ). A solution of 2.79g of 12 was treated with 1.52g (1.5 eq) of KH and 
stirred for 15 min. At this point, 8.36g of t-butyldiphenylsilyl chloride 
was added and allowed to stir for 15 min. The reaction was quenched with 
saturated NaHCOg and extracted with ether. The combined extracts were
rinsed with brine and dried over then M gSC^.
oxo-5-ando-fdlphanvltartlohutvhBllvloxvhlcvclof2.2.1)hapt-an-2 
(12). A solution of 24g of sHyl ether 12 In 500mL of T H F  was reacted 
with 120mL of 1.0M BHg in T H F  and allowed to stir for 30 min
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6-endo-rdiDhQnvltertiobutvnbicvclor2.2.11heptan-g-one (15) To  a 
solution of 478mg of alcohol 12 in 15mL of C H g C lg  was added 550m gof
PC C  together with. After stirring for 1 hour, the reaction mixture was 
diluted with Et2 0 , filtered through a pad of celite, and concentrated to
give , upon purification by column chromatography, 442mg of a viscous oil.
flndo-6-endo-fdiphenvltertiobutvhsHvloxvblcvclof2.2.11heptan-2 
-ol (17). To  a solution of of 330mg of Ketone 17 in 7.5mL of M eOH at 0°C 
was added a total of 1.26g of NaBH4 . After being allowed to stir for 30
min, the reaction mixture was added to water and extracted with ether. 
The combined extracts were washed with brine, dried over M g S 0 4 , and
concentrated to give 332mg of product.
e n d o .e n d o -bicycloy2 .2 .11h a o ta n -2 .6 -d io l (19). To  a solution of 
147mg of 19 in 2.5mL of T H F  was added 1.5mL of 1M TB A F  in TH F . After 
stirring overnight, the reaction mixture was subjected to the addition of 
water and extracted with ether. The combined extracts were rinsed with 
brine, dried over MgSC>4 , and concentrated to give, after purification by
column chromatography, 49mg of product: 13C -N M R  (200M H z,C D C L3) 5 
75.67, 44.52, 40.23, 36.98, 36.62 .
2 .2 -d iph enylth in -S -a nd o-fd io he nvltertiobutvh sllvioxyblcyclQ 
f2.2,11heptane (2 0 ). A  solution of 8.2g of ketone 14 was dissolved in 55mL 
of CH gClg and was cooled to 0°C. 77mL of thiophenoi and 5mL of BF3 were
then added, and the reaction was allowed to proceed at 25°C for 20 min. 
The mixtuere was then poured onto 3M NaOH, extracted with ether, rinsed 
with brine and dried over M gS 04 . Evaporation of the solvent afforded
12.15g (95% ) of the crude product, which was then purified using column 
chromatography: 1H-NM R (300M Hz,CDCI3) 8 (m,2H), 4.19 (d,1H), 2.54 (d,1H),
2.29 (m,4H), 1.95 (dd,1H), 1.72 (m,1H), 1.28 (d,2H), 1.06 (s,9H).
5-^ndo-fdiDhenvltertiobutvhsilvloxv-2-Dhenvlthlobicvclof2.2.1] 
heot-2-ene (21). Thioketal 20 was dissolved in 14mL of benzene and 3mL 
of NEtg . A  solution of 1.1g C u O T f , 20mL benzene, and 9mL T H F  was added
and the resulting mixture was stirred for 20 min. Saturated N aH CO g soln.
was added, followed by an ether extraction and a brine/MgS04 drying
sequence to give 1.0g of crude but clean product: 1H-NM R (300MHz, CO CI3)
5 7.64 (q), 7.40 (m), 6.00 (s), 2 85 (s), 2.73 (s),
- 1 8 -
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1.53 (s), 1.11 (rn), 1.02 (s)
e/7do-5-Dhenvlthiobicvclof2 2 .1 )hept-S -e n -2 -o l (22).To a solution 
of 7.73g of silyl ether 21 in 77mL of T H F  was added 40mLof 1M TB A F  (in 
T H F ) . After stirring at 45°C for 24 hr, the reaction mixture was poured 
into 75mL of water and extracted with ether. The combined extracts were 
washed with brine, dried over M gS04 and concentrated. Recrystallization
from ether/hexane provided 2.75g (75 % ) of alcohol 22 (mp 69-70°C): 
1H -N M R  (300M Hz,CDCI3) 8 7.3(m,5H), 5.91 (d,1H), 4.52 (m ,1H), 3.05 (d ,1H),
2.74 (m, 1H), 2.07 (d,1H),1.59 (t,1H), 1.57 (t,lH ), 1.32 (d ,1H). Anal. Calcd 
for C 13H 14SO: C.71.52; H,6.49; S ,14.72. Found: C.71.47; H.6.49; S ,14.72.
5-Dhenvlthloblcvclof2.2.11heDt-5-en-2-one (8). A solution 
containing 1 mL C H 2CI2 and 0.090mL DM SO was placed and cooled to -65°C.
To  this, 0.05mL of (C O C I)2 and 80mg of silyl ketene acetal 23 was
introduced. After stirring for 10 min, 20mg of alcohol 22 was added; an 
additional 10 min were allowed to pass whence the reaction mixture was 
warmed to -40°C and 0.36mL of triethylamine was added. Finally, after 
stirring for 30 min at -40°C, the mixture was warmed to room 
temperature, quenched with a bicarbonate solution, extracted with ether, 
washed with brine, and dried over M gS 04 . The crude product was then
purified using P TL C , giving a final yield of 20mg. The  ketone was also 
recrystallized from ether/hexane, yielding white small crystals, mp 
40*43°C: 1H -N M R  (300M H z,CD CI3) 6 7.4 (m ,5H), 5.60 (d,1H), 3.11 (d,1H),
2.18 (t,1H ), 2.0 (overlapping,3H); 13C -N M R  (3 0 0 M H z,C D C L 3 ) 8 150.74,
132.17, 131.88, 129.27, 128.10, 122.34, 94.49, 56.81, 47.66, 44.35, 36.73; 
IR -f c m '1) 3057.6, 1740. Anal. Calcd for C 13H 12S O : C ,72.19; H.5.59;
S ,14.82. Found: C ,72.16; H,5.60; S ,14.81.
1 - (d lm e t h y lt e r t lo b u t v h s l lv lo x v -1 -e th o x v a th a n e  (23). A  
solution of 2.5mL diisopropylamine in 25mL of T H F  was cooled to 0*C and 
treated with 11.5mL of 1.5M n-BuLi. The reaction mixture was stirred for 
30 min, then cooled to -78°C. At this point, 1.65mL of ethyl aoetate was 
added, and the solution was stirred for 10 min. The ester enolate was the 
trapped with 2.84g of t*butyldimethyl silyl chloride dissolved in 5 m t of 
T H F . Th e  reaction mixture was warmed to 0°C, stirred for 15 min, 
quenched with water, extracted with ether , rinsed with brine , and dried
afford 2.19g (40% ) of a clear liquid.
fln cfo -5 -o h e n vlsu lfo n vlb icvclo f2 .2 .11heot-5-en-P.nl (24). To  a 
solution of 11 mg of phenylsulfide 22 in 1mL of ether, was added 25mg of 
M CPBA. After stirring for 1 hr, the reaction mixture was added to 
saturated N aH C O g, extracted with ether, dried over M gS 04 , and purified
via P TLC, giving 12mg (95%) of a white powder: 1H-NM R (300M Hz ,C D C I3) 5
7.74 (m ), 6.25 (d), 4.63 (m), 4.11 (d), 3.26 (dd), 3.09 (d), 2.03 (m ), 1.60 
(m ),1.37 (m), 1.25 (t), 0.74 (m); IRfcm '1) 3501 (broad), 1302. HRM S. Calcd 
for C 13H 14S 0 3 : 250.06635; Fopnd: 250.06649.
5-Dhenvisulfonvlbicvcio(2.2.11heDt-5-en-2-one (9). After cooling 
a solution of 4.5mL DM SO and 50mL C H 2C I2 to -78°C, 2 .5mL of oxaiyl
chloride was added; the reaction mixture was stirred for 10 min and 
867.6mg of alcohol 24 was then added. The mixture was stirred for 
another 10 min, 18mL of NEt3 was introduced, and the reaction mixture
was warmed to -40°C, a temperature it remained at for 30 min. Saturated 
N a H C 0 3 solution was added, the aqueous portion extracted with ether, the
extracts combined, rinsed with brine, and dried over M g S 04 . H * N M R
(3 0 0 M H z,C D C Ig ) 87.5 (m), 6.70 (d), 3.93 (d), 3.21 (s) 3.15 (d), 2.19 (s), 2.16
(s), 2-1 ^(overlapping); 13C -N M R  (3 0 0 M H z,C D C L 3 ) 8 209.35, 153.65,
138.45, 133.64, 127.56, 57.59, 51.09, 40.89, 35.33, 13.73.
S .5 -d iohenvlth iobicvclof2 .2 .11heD t-5 -a ii-2 -ona (26). To  7.5g of
2,5-bicyclc[2.2.1]heptandk>ne, synthesized using a literature procedure2 1 , 
w a s . added 50mL of C H 2C I2 , followed by the addition of 10mL of
thiophenol and 1.0mL of B F3 etherate. The reaction mixture was stirred
overnight; at this point, an additional 2.0mL of BF3 etherate and a small
amount of Na2S 0 4 were added to drive the reaction to completion. After
stirring for 30 min, 3M NaO H  was introduced and the mixture was 
extracted with ether, washed with brine and dried over M g S 0 4 . The crude
product was then purified using flash chromatography, the process 
affording 4.83g of product: 1H -N M R  (3 0 0 M H z,C D C Ig ) 8 7.65 (t,5H), 7.37
(q,5H), 3.00 (dd,2H), 2.77 (q,1H), 2.69 (d,1H), 2.25 (ddd,2H), 1.87 (d ,1H ), 
1.81 (8,1H).
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over M gS04. The crude product was distilled under reduced pressure to
2 .2 .5 .5 - t e t r a p h e n v lth io b ic v c lo f2 .2 .1  Ih e p ta n e  f271. In the 
preparatipn of 44, 4.58g of this bisthioketal was isolated and purified ; 
13C-NM R (300MHz , C D C Lg) 8 7.6 (m,5H), 7.3 (q,5H), 2.77 (d,1H), 2.44 (d,1H),
2.01 (dd,1H), 1.61 (d,1H).
Sfi&ond___ preparation___ at___ S -p h 6 n y lth lQ b ifiy c lflU .2 .1 ]h flP t-
5 -e n -2 -o n e  (8). A  solution containing 6.1g H g (O T F A )2 in 20mL T H F  was
added to 4.3g of ketone 26 and 6.4mL (2.4 eq) of ethyl diisopropylamine in 
60mL of T H F , and the reaction mixture was stirred for 1 hour. At this 
point, an additional 2.0g of H g (O TF A )2 in 10mL of T H F  was added. After 1
hour, the reaction mixture was filtered through celite and concentrated. 
Recrystallization from ether/hexane afforded 2.9g of ketone 8. High field 
proton NMR confirmed the identity of the product.
Reaction of sulfone 9 with N a B H ^ and 2-propanol. To  a solution
of 19.2mg of 9 and 1mL of 2-propanol was added 2.8mL of a solution 
containing 20mg of NaBH4 and 10mL of 2-propanol. After stirring 30 min,
the reaction mixture was quenched with water and extracted with C H 2C i2 .
The combined extacts were dried over Na2S 0 4 and concentrated to give
7mg of product 26 after purification by P TLC :  ^H -N M R  (300MHz, C D C Ig ) 8
7.6 (m ,5H ), 6.0 (q ,1H ), 5.6 (q ,1H ), 4.96 (p, 1H ), 4 .0(8 ,1H ), 2.6-2.4 
(overlapping,5H), 1.27 (s, 1H), 1.25 (s, 1H); IR (cm-1 ) 1726 s.
A  comoetive reduction: the reaclon of 5 and 8 with 
L iro t -B u U A IH . To  1.5mL of T H F  was added 50mg of 5 and 49 mg of 8 . A
solution composed of 125mg of Li(Ot-Bu)gAIH and 10mL of T H F  and from
this 4m L of reagent were taken and added dropwise to the rapidly stirred 
reaction mixture. After 30 min, an aliquot (2m L) was taken, 2mL of the 
reagent was introduced, and 30 more minutes were allowed to pass before 
the final aliquot (2mL) was removed. The  aliquots were injeoted into 40%  
NaOH and extracted with ether. The extracts were ananalyzed as soon as 
possible, usually within 6 hr of the reduction.
- 2 1 -
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